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(54) Exposure method and device manufacturing method 



(57) An exposure method is disclosed which in- 
cludes the steps of transferring, by exposure, a pattern 
formed on an original to different shot regions on a sub- 
strate sequentially, and performing, during exposure of 
a certain shot, at least one of (i) adjusting relative posi- 
tional relation between the original and the substrate, 
with respect to a direction effective to correct translation 
of a transfer region of the substrate due to thermal dis- 
tortion thereof, and (ii) adjusting a transfer magnification 
of the pattern of the original to the substrate so as to 
correct enlargement of the transfer region due to ther- 



mal distortion of the substrate, wherein, in one preferred 
form, the adjustment is made in accordance with a cor- 
rection table related to thermal expansion of the sub- 
strate during exposure and being prepared on the basis 
of one of calculation and preparatory exposure experi- 
ment, wherein, in another preferred form, the transfer 
magnification is adjusted by deforming the original, and 
wherein, in a further preferred form, the transfer magni- 
fication is adjusted by adjusting a projection optical sys- 
tem for projecting the pattern of the original to the sub- 
strate. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

This invention relates to an exposure method and s 
a device manufacturing method for transferring, in an 
exposure apparatus, a pattern of an original such as a 
mask to a substrate such as a wafer with high precision. 

In accordance with further miniaturization and fur- 
ther enlargement of density of semiconductor devices 10 
due to increasing degree of integration thereof, regard- 
ing the linewidth, a linewidth of 0.25 micron is now re- 
quired for 256 MDRAM and a linewidth of 0.18 micron 
is required for 1 GDRAM. Thus, exposure apparatuses 
for transferring by exposure a pattern of an original such is 
as a reticle or mask to a substrate such as a wafer 
should have higher and higher precision and better 
linewidth precision. 

Referring to a general structure of conventional ex- 
posure apparatus in conjunction with Figures 11 A - IIC, 20 
a light source 1 emits exposure light 2 which goes 
through an illumination system 3 to illuminate an original 
4 on which a mask pattern 4a is formed. The exposure 
light passing through the original 4 has an intensity dis- 
tribution (Figure 11 B) corresponding to the mask pattern 2s 
4a, such that the energy distribution (Figure 11C) to be 
absorbed by a resist 5a on a substrate 5 such as a wafer 
corresponds to the mask pattern 4a. The resist 5a is 
then developed to provide a resist image and, subse- 
quently, through a deposition process and an etching 30 
process, for example, a circuit pattern in one layer is 
defined. In this manner, the mask pattern 4a of the orig- 
inal 4 is transferred by exposure to the substrate 5. 

As regards the exposure sequence, there is a global 
alignment method known. An example is disclosed in 35 
Japanese Laid-Open Patent No. 44429/1986 wherein, 
prior to exposure of a substrate such as a wafer, posi- 
tions of alignment marks formed on the substrate are 
measured and, then, statistical procedure is performed 
on the basis of deviations between mark design posi- 40 
tions and mark measured positions to determine six pa- 
rameters, that is, offset (X and Y directions) of the center 
position of the substrate, expansion/contraction (X and 
Y directions) of the substrate, rotational amount of the 
substrate, and perpendicularity of a substrate stage. 45 
Then, for exposure of each shot, the substrate stage 
which holds the substrate is moved in accordance with 
a designated alignment amount, moving the stage step- 
wise by a predetermined amount, so as to minimize the 
registration error between that shot and the original. The so 
sequence of such stepwise motion and exposure is re- 
peated until exposure of the whole substrate is complet- 
ed. Here, in some cases, after determination of the six 
parameters on the basis of deviations between the mark 
design positions and mark measured positions in ac- ss 
cordance with statistical procedure and before execu- 
tion of the exposure of a first shot magnification correct- 
ing means is used to correct the amount of expansion/ 



contraction (Xand Y directions) of the substrate. For ex- 
ample, if the amount of substrate expansion/contraction 
(X and Y directions) is +5ppm, a particular lens or lenses 
of a projection optical system may be shifted in a direc- 
tion outside the surface, by which only the transfer mag- 
nification can be changed by +5ppm without changing 
the aberration. After this, as shown in Figures 12A and 
12B, the procedure of exposure of a shot and stepwise 
motion of the substrate stage for the next shot is repeat- 
ed, whereby the exposure process is performed. 

The magnification correcting means may be other 
than the one based on an optical system such as de- 
scribed. Japanese Laid-Open Patent Application, Laid- 
Open No. 211872/1997 shows a method wherein the 
size of an original such as a mask or the size of a sub- 
strate such as a wafer is directly changed. In relation to 
scan exposure, U.S. Patent No. 5,604,779 shows a 
method wherein an original and a substrate are relative- 
ly shifted for magnification correction. 

According to investigations made by the inventor, it 
has been found that, even if an original and a substrate 
are accurately positioned at their design positions be- 
fore execution of an exposure of a certain shot, there 
may be the following problems. That is, during exposure 
of one shot, the substrate is thermally expanded due to 
absorption of exposure light. Such thermal expansion of 
the substrate causes two types of variations, as illustrat- 
ed in Figures 1 3A - 1 3D, that is, a translation p of the 
shot center O and an enlargement e about the shot cent- 
er O. Of Figures 1 3A - 1 3D, Figure 1 3A shows by a solid 
line the size Wo of the shot before execution of exposure 
of that shot, and Figure 13B shows the size W of the 
shot after the exposure. Figure 13C shows the transla- 
tion p of the shot center, and the enlargement (change 
in magnification) e about the shot center. As a result of 
such thermal expansion of the substrate, as shown in 
Figure 13D there occurs a change in the absorbed ex- 
posure energy profile of a resist on the substrate (the 
relation between the position on the resist and the ab- 
sorbed exposure energy), during the exposure period of 
one shot. This causes slow down of integrated absorbed 
exposure energy profile during the exposure period, and 
it deteriorates the linewidth precision. 

In conventional exposure apparatuses such as de- 
scribed, before shot exposure, the magnification of a 
substrate is calculated on the basis of the result as at- 
tainable in accordance with the global alignment meth- 
od. Then, an original or an optical system is shifted in a 
direction outside the surface or is deformed in a direction 
along the surface, by use of magnification correcting 
means, to change the size of the original or the optical 
system thereby to change the magnification so that it is 
fitted to the magnification of the substrate. Then, the 
shot exposure starts. However, since there is no meas- 
ure with respect to thermal deformation of the substrate 
during exposure of one shot due to absorption of expo- 
sure light by the substrate, the transfer linewidth preci- 
sion is degraded. 
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Further, as regards thermal distortion during scan 
exposure, the amount of movement of a mask pattern 
of an original which is exposed simultaneously varies 
with the position. It is therefore not possible to accom- 
plish complete registration between the pattern of the s 
original and the pattern of the substrate during the ex- 
posure, with respect to the whole of the pattern to be 
exposed simultaneously, merely by relatively moving 
the original and the substrate. Thus, the linewidth pre- 
cision degrades, depending on the position. 10 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
exposure method and an exposure apparatus by which 
degradation of linewidth precision due to thermal expan- 
sion of a substrate such as a wafer during exposure 
thereof can be reduced. 

It is another object of the present invention to pro- 
vide a device manufacturing method by which high pre- 20 
cision devices can be produced with good efficiency. 

Briefly, the present invention has been made on the 
basis of the realisation that; thermal distortion during the 
exposure process mainly comprises enlargement about 
the center of a shot; the rate of enlargement is approx- 25 
imately uniform; and by correcting at least one of, pref- 
erably both of, translation of the shot center of the sub- 
strate and enlargement about the shot center during the 
exposure process, degradation of linewidth precision 
can be reduced. 

In accordance with an aspect of the present inven- 
tion, there is provided an exposure method, comprising 
the steps of: transferring, by exposure, a pattern formed 
on an original to different shot regions on a substrate 
sequentially; and performing, during exposure of a cer- 
tain shot, at least one of (i) adjusting relative positional 
relation between the original and the substrate, with re- 
spect to a direction effective to correct for translation of 
-a-transfer-region of-the substrate-due to_thermaLdistor- 
tion thereof, and (ii) adjusting a transfer magnification 
of the pattern of the original to the substrate so as to 
correct for enlargement of the transf e region due to ther- 
mal distortion of the substrate. 

In accordance with another aspect of the present 
invention, there is provided a device manufacturing 
method, comprising the steps of: preparing a substrate; 
applying a resist to the substrate prior to exposure there- 
of; transferring, by exposure, a pattern of an original to 
the substrate in accordance with an exposure method 
as recited above; and developing the resist of the sub- 
strate after the exposure; and manufacturing a device 
from the exposed substrate. 

In accordance with a further aspect of the present 
invention, there is provided an exposure apparatus for 
transferring a pattern formed on an original to different 
shot regions of a substrate sequentially, said apparatus 
comprising: a first holding mechanism for holding the 
original; a second holding mechanism for holding the 



substrate; a moving mechanism for relatively and 
minutely moving the original and the substrate held by 
said first and second holding mechanisms, relative to 
each other; a magnification adjusting mechanism for 
providing variable transfer magnification in relation to 
transfer of the pattern of the original to the substrate; 
and control means for actuating said moving mecha- 
nism and said magnification adjusting mechanism dur- 
ing exposure of a shot. 

These and other objects, features and advantages 
of the present invention will become more apparent up- 
on a consideration of the following description of the pre- 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings, in which: 
Figure 1 is a schematic and diagrammatic view of 
an exposure apparatus, which best shows features of 
an exposure method according to the present invention. 

Figure 2 is a schematic and diagrammatic view, for 
explaining the structure related to a stage control sys- 
tem of an exposure apparatus to which an exposure 
method according to the present invention is applied. 

Figure 3 is a schematic and plan view of a chuck for 
an original, in the exposure apparatus. 

Figures 4A and 4B are schematic views, respective- 
ly, showing a magnification correcting mechanism dis- 
posed on a bottom side of an original chuck base in the 
exposure apparatus, wherein Figure 4B is a sectional 
view taken on line A-A in Figure 4A. 

Figure 5 is a top plan view showing alignment pat- 
terns provided on an original and a substrate. 

Figure 6 is a schematic view for explaining the proc- 
ess cf obtaining a correction table for correcting means 
of the present invention on the basis of experiments, and 
for explaining the state of deformation of a shot of a sub- 
strate and alignment patterns thereof due to the effect 
of thermal expansion during exposure of the shot. 

Figure 7 is a schematic view for explaining another 
example of the process for obtaining a correction table 
_Jor_xorrecting_means_oa the. basis of_experiments,_and„_ 
for explaining a case where a dual-axis distortion gauge 
is disposed approximately at the center of each shot of 
the substrate. 

Figure 8 is a schematic and sectional view for ex- 
plaining an example wherein a magnification correcting 
mechanism uses an optical element in accordance with 
an exposure method of the present invention. 

Figure 9 is a flow chart for explaining semiconductor 
device manufacturing processes. 

Figure 10 is a flow chart for explaining details of a 
wafer process. 

Figures 1 1 A - 1 1 C are schematic views, respective- 
ly, wherein Figure 11 A shows a general structure of a 
conventional exposure apparatus, Figure 11 B shows in- 
tensity distribution of exposure light passed through an 
original, and Figure 11 C shows distribution of energies 
absorbed by a resist. 

Figures 12A and 12B are schematic views, respec- 
tively, wherein Figure 12A shows a general structure of 
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a conventional exposure apparatus, and Figure 12B 
shows an example of step-and-repeat exposure proc- 
ess. 

Figures 1 3A - 1 3D are schematic views, respective- 
ly, for explaining thermal expansion of a substrate during 
exposure of a shot due to absorption of exposure light, 
wherein Figures 13A and 13B show the size of a shot 
before and just after the shot exposure, respectively, 
wherein Figure 13C shows a translation p of the center 
O of the shot and an enlargement (magnification 
change) e about the shot center O, and wherein Figure 
13D shows changes in absorbed exposure energy pro- 
file of a resist on the substrate during the exposure pe- 
riod (i.e., the relation between the position on the resist 
and the absorbed exposure energy). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[First Embodiment] 

Figure 1 is a schematic and diagrammatic view of 
an exposure apparatus which best shows features of an 
exposure method according to the present invention. 
Through exposure experiments or calculation, deforma- 
tion which will be produced in a substrate 5 such as a 
wafer, for example, during exposure of one shot due to 
thermal expansion of the substrate is determined be- 
forehand. On the basis of the thus determined data, a 
correction table for cancelling deformation of the sub- 
strate 5 is prepared, and a substrate stage 8 for holding 
the substrate 5 is moved in a direction along the surface 
thereof. Then, an external force is applied to an original 
4 such as a mask, for example, to change the magnifi- 
cation of the original 4. Correction data for the magnifi- 
cation correction is stored in the correction table. Cor- 
recting means 1 3 has this correction table and, by using 
this correcting means 13, the stage 8 is moved in a di- 
rection along the surface by means of a stage controller 
1 2 during the shot exposure, so that a translation of the 
shot center of the substrate 5 due to thermal expansion 
during the exposure is canceled. Also, a magnification 
correction controller 11 operates during the shot expo- 
sure to actuate a transfer magnification correcting 
mechanism 10 to apply an external force to the original 
4, by which the magnification of the original 4 is changed 
and by which an enlargement of the substrate about the 
shot center is canceled. 

General structure of the present invention will be 
described with reference to Figures 1 and 2. 

An original 4 such as a mask, for example, having 
a pattern formed thereon is fixedly held by an original 
chuck 6. Also, a substrate 5 such as a wafer, for exam- 
ple, is held by a substrate chuck 7 by attraction. The 
substrate chuck 7 is mounted on a substrate stage 8 
which is movable in X and Y directions. Exposure light 
2 emitted from a light source comprises X-rays, ultravi- 
olet rays or visible light, and it passes through an illumi- 



nation system 3 and illuminates the original 4. By this, 
the pattern formed on the original 4 is transferred, by 
exposure, on to the substrate 5. The magnification cor- 
recting mechanism 1 0 for correcting magnification of the 
s original 4 by applying external force to the original 4 is 
actuated in response to an output signal from the mag- 
nification correction controller 11. The substrate stage 
8 for moving the substrate 5 to a desired position is ac- 
tuated in response to an output signal of a stage con- 
troller 12. The position, movement speed and acceler- 
ation of the substrate 5 are controlled by means of the 
stage controller 12. The magnification correction con- 
troller 1 1 and stage controller 1 2 are arranged to actuate 
the magnification correcting mechanism 11 and the sub- 
strate stage 8 during exposure of one shot, in accord- 
ance with a specified value based on the correction table 
of the correcting means 1 3. Details of the correction ta- 
ble of the correcting means will be described later. 

Referring to the stage controller 12, in conventional 
exposure apparatuses wherein exposure light 2 is pro- 
jected over the whole exposure picture angle by an illu- 
mination system 3 to execute simultaneous exposure 
thereof, such as disclosed in Japanese Laid-Open Pat- 
ent Application, Laid-Open No. 100311/1990, during ex- 
posure of one shot, a stage controller 1 2 so controls that, 
relative to an original 4 held fixed on an original chuck 
6, a substrate chuck 7 is held stationary at a fixed posi- 
tion with respect to a certain reference. For this reason, 
a laser interferometer 1 4 is used to measure the position 
of the substrate chuck 7 with respect to the reference, 
and positioning thereof is performed. After completion 
of exposure of one shot, the stage controller 12 moves 
the substrate stage 8 stepwise in accordance with a glo- 
bal alignment specified value as produced by a global 
alignment unit 16, and the subsequent shot is exposed 
in a similar manner. Thus, with the conventional stage 
controller 12, during exposure of one shot the substrate 
chuck 7 is kept stationary relative to the fixed original 4, 
at a certain position with respect to the reference. 

As compared therewith, the stage controller 12 of 
the present invention controls so that, during exposure 
of one shot and relative to the original 4 held fixed, the 
distance of the substrate chuck 7 with respect to a ref- 
erence is changed in accordance with the correction ta- 
ble of the correcting means 1 3. For example, it operates 
to move the chuck so that a translation p of the shot 
center O of the substrate 5 (Figure 13C) is canceled. 
With such movement, the amount of translation of the 
shot center O of the substrate, in the X and Y directions, 
produced by thermal expansion of the substrate 5 during 
exposure of one shot, can be reduced approximately to 
zero. 

Next, details of the structure of the original chuck 6 
will be described, with reference to Figure 3. 

Original frame 21 holds an original 4 having a pat- 
tern formed on its membrane. Positioning the original 
frame 21 with respect to X and Y directions is performed 
by supporting means 19 which is mounted on one side 
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of an original chuck base 30 and pressing means 20 
which includes a pressing member 29 such as an air 
cylinder, for example. Positioning of the frame with re- 
spect to Z direction is performed by Z clamping means 
(40a, 40b and 40c). The supporting means 19 includes 
an X-direction supporting member 19a which is mount- 
ed on the original chuck base X by a single bolt 22, for 
fine motion about the Z axis, and which supports sup- 
porting pins 25a and 25b of hemispherical rigid balls for 
engaging with a side edge of the original frame 21 for 
positioning the same with respect to the X direction. The 
supporting means 1 9 further includes a Y-direction sup- 
porting member 19b which is fixedly mounted on the 
original chuck base 30 by two bolts 22 and which sup- 
ports supporting pins 25c and 25d for engaging with an- 
other side edge of the original frame 21 for positioning 
the same with respect to the Y direction. On the other 
hand, pressing means 20 includes an X-direction press- 
ing member 20a which can be driven by a pressurizing 
member 29a such as an air cylinder, for example, 
mounted on the original chuck base 30, and which sup- 
ports hemispherical pressing pins 26a and 26b for 
pressing a side edge of the original frame 21 in X direc- 
tion. The pressing means 20 further includes a Y-direc- 
tion pressing member 20b which can be similarly driven 
by a pressurizing member 29b such as an air cylinder 
mounted on the original chuck base 30 and which sup- 
ports hemispherical pressing pins 26c and 26d for 
pressing a side edge of the original frame 21 in Y direc- 
tion. The pressing pins 26a and 26b of the X-direction 
pressing member 20a are disposed at positions which 
are opposed to the supporting pins 25a and 25b of the 
supporting member 1 9a with the original frame 21 inter- 
posed therebetween. The pressing pins 26c and 26d of 
the Y-direction pressing member 20b are disposed at 
positions which are opposed to the supporting pins 25c 
and 25d of the supporting member 1 9b with the original 
frame 21 interposed therebetween. With this structure, 
- - a pressing force-can-be-applied-toward-the-supporting 
pins 25a and 25b by the pressurizing member 29a and 
through the pressing pins 26a and 26b of the pressing 
member 20a, by which the original frame 21 can be po- 
sitioned with respect to the X direction. Similarly, a 
pressing force can be applied toward the supporting 
pins 25c and 25d by the pressurizing member 29b and 
through the pressing pins 26c and 26d of the pressing 
member 20b, by which the original frame 21 can be po- 
sitioned with respect to the Y direction. 

When the positioning of an original is accomplished 
by pressing the side edges of the original frame 21 
through the pressing pins 26a - 26d, and if any imbal- 
ance between driving forces of the pressing members 
20a and 20b produces a rotational moment in the orig- 
inal 4, the X-direction supporting member 1 9a can be 
rotationally moved by small amount about the Z axis. 
This effectively reduces distortion of the original due to 
over-confinement by the four supporting pins 25a - 25d. 
In the manner described above, positioning of the 



original with respect to the X and Y directions and about 
the Z axis is accomplished by use of the supporting 
means 19, including supporting members 19a and 19b 
with supporting pins 25a - 25d, and the pressing means 
s 20, including pressing members 20a and 20b with 
pressing pins 26a - 26d. 

Z clamping means (40a, 40b and 40c) for accom- 
plishing positioning with respect to Z direction, compris- 
es three clamping mechanisms 40a, 40b and 40c which 
10 can be driven by means of actuators (not shown) having 
rotational motion and straight motion mechanisms. The 
Z clamping means further comprises three hemispheri- 
cal rigid ball members (not shown) which are disposed 
at positions opposed to the clamping mechanisms 40a, 
is 40b and 40c, respectively, to sandwich the original 
frame 21 therebetween for positioning of the original 4. 
The Z clamping means should be disposed at a position 
not interfering with the supporting means and the press- 
ing means for X-direction and Y-direction positioning or 
20 with a magnification correcting mechanism to -be de- 
scribed later. The original frame 21 is positioned with 
respect to the Z direction as the same is pressed by the 
Z clamping means toward the original chuck base 30. 
Simultaneously therewith, the positioning thereof about 
25 the X and Y axes is performed. Since the Z-direction 
positioning is accomplished at three points by the Z 
clamping means as described above, an original can be 
held without flatness correction which may cause defor- 
mation along the surface. Also, the structure effectively 
30 reduces the possibility of deformation of an original due 
to any foreign particle caught between the original and 
the original chuck. 

An example of specific structure of magnification 
correcting mechanism 1 0 will now be described with ref- 
35 erence to Figures 4A and 4B. Mounted on the bottom 
face of the original chuck base 30 are a pair of magnifi- 
cation correcting members 33a and 33c which are dis- 
posed opposed to each other in the X direction. Also, 

there are_a_ pair of magnification .correcting .members. 

40 33b and 33d which are disposed opposed to each other 
in the Y direction. These magnification correcting mem- 
bers 33a - 33d have the same mechanism, and only the 
magnification correcting member 33a disposed in the X 
direction will be explained. The magnification correcting 
45 member 33a includes a correcting pin 36a and an air 
cylinder 34a. The correcting pin 36a is inserted intc 
throughbores 35a and 37a which are formed in the orig- 
inal chuck base 30 and the original frame 21 , being at- 
tached to one side of the original chuck base 30, respec- 
50 tively, and which are registered with each other. The air 
cylinder 34a operates to drive the correcting pin 36a, 
through a rod, to move the same forwardly or backward- 
ly along the X direction. The air cylinder 34a is mounted 
on the bottom face of the original chuck base 30, and 
55 its pressure is controlled in accordance with a specified 
value in the correction table of the correcting means 13 
and the magnification correction controller 11. The 
throughbore 35a of the original frame 21 is formed with 
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a size smaller than that of the throughbore 37a of the 
original chuck base 30. With this structure, by changing 
the pressure of the air cylinder 34a, the correction pin 
36a is moved through the rod in the X direction within 
the throughbore 37a, such that the side face of the cor- 
recting pin 36a pushes or pulls the inside face of the 
throughbore 35a of the original frame 21 in the X direc- 
tion. Thus, by controlling the pressure of the air cylinder 
34a of the magnification correcting member 33a, a com- 
pressing force or a tension force can be applied to the 
original 4 independently in the X direction, through the 
correcting pin 36a. The remaining magnification correct- 
ing members 33b, 33c and 33d have similar structures. 
Thus, by controlling pressures of air cylinders 34a - 34d 
in accordance with specified values of the correction ta- 
ble of the correcting means 13 and the magnification 
correction controller 11, a compressing force or a ten- 
sion force can be applied to the original in X and Y di- 
rections, independently, thereby to change the magnifi- 
cation of the original 4 so that it is suited to the magni- 
fication of the substrate. As described, the magnification 
correcting mechanism 10 of the present invention is op- 
erable to change the transfer magnification during ex- 
posure of one shot, in accordance with a specified value 
of the correction table of the correcting means 13 and 
the magnification correction controller 11 . For example, 
during exposure of a shot the substrate may be enlarged 
about the shot center O (Figure 1 3C) due to thermal ex- 
pansion. In that occasion, the magnification correction 
may be controlled as described above, by which chang- 
es of magnification, in Xand Y directions, about the shot 
center O of the substrate produced by thermal expan- 
sion of the substrate can be reduced approximately to 
zero. 

As regards magnification correction for an original 
such as a mask, while magnification correction based 
on thermal means is known, response of the magnifica- 
tion correction using thermal means is not good and a 
long time is necessary for the magnification correction. 
This leads to reduction of throughput and to decreased 
productivity. In consideration of this, the present embod- 
iment uses mechanical means such as described 
above. 

Next, the correction table of the correcting means 
1 3 will be described. Figure 5 shows alignment patterns 
formed on an original and a substrate, which are used 
for obtaining a correction table through experiments. 
There are longitudinal (Y-direction) positional deviation 
measuring marks MU and MD at upper and lower por- 
tions of the exposure picture angle, and lateral (X-direc- 
tion) positional deviation measuring marks ML and MR 
at left-hand and right-hand portions. For detection of the 
amount of positional deviation between alignment pat- 
terns of the original and the substrate, a method based 
on heterodyne interference, a method based on Fresnel 
zone plate diffraction light, or a method based on image 
processing, may be used. 

Then, an original having substantially the same 



opening ratio as a printing original to be used for prac- 
tical device manufacture is used. Before start of expo- 
sure, the alignment patterns of the original and a sub- 
strate are brought into alignment with each other and, 
s subsequently, exposures of shots of the substrate are 
made. Positional deviations of alignment patterns to be 
produced during the exposure are calculated as follows. 

Figure 6 is an illustration for explaining the manner 
of obtaining a correction table of the correcting means 
10 by use of the alignment patterns shown in Figure 5 and 
through experiments. An original and a substrate have 
alignment patterns MU, MD, ML and MR formed at cor- 
responding positions. The size of a shot of the substrate 
before exposure of the shot as well as alignment pat- 
15 terns therefore are depicted by broken lines. The shot 
and alignment patterns as deformed by thermal expan- 
sion during exposure of the shot are depicted by solid 
lines. Design length between the X-direction marks ML 
and MR is Lx, and design length between Y-direction 
marks MU and MD is Ly. What are to be detected here 
are shot translation direction offset (X, Y) of each shot, 
X-direction magnification Mx and Y-direction magnifica- 
tion My. It is now assumed that, based on measurement 
of alignment signals during the exposure, the X-direc- 
tion movement amounts of the marks ML and MR are 
Ax1 and Ax2, respectively, while the Y-direction move- 
ment amounts of the marks MU and MD are Ay1 and 
Ay2, respectively. Then, the following signal processing 
is performed to calculate these values. 

X translationai direction offset: 

X= (Ax1+Ax2)/2 

Y translationai direction offset 
Y = (Ay1 +Ay2)/2 

X direction magnification: 

Mx = (Lx+Ax1-Ax2)/Lx 

Y direction magnification: 
My = (Ly+Ay1-Ay1)/Ly 

In a case where, from the symmetry of pattern disposi- 
tion of the original, the X-direction magnification Mx and 
the Y-direction magnification may be considered as sub- 
stantially the same, the shot translationai direction offset 
(X, Y) and X-Y magnification Mxy may be determined 
as follows. When it is detected from alignment signals 
that the mark ML has moved in the X direction by Ax1 
and the mark MR has moved in the X direction by Ax2 
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and that the mark MU has moved in the Y direction by 
Ay1, like the preceding example, it can be calculated 
from the below: 

X translational direction offset: 

X = (Ax1+Ax2)/2 
X-Y magnification: 

Mxy = (Lx+Ax1-Ax2)/Lx 
Y translational direction offset: 

Y = Ay1-(Lxx Mxy - Lx)/2 

A larger number of marks may be used to remove rota- 
tional component. 

Figure 7 shows a measurement pattern provided on 
a substrate, for detecting X-direction magnification Mx 
and Y-direction magnification My for the correction table 
of correcting means, beforehand, on the basis of anoth- 
er type of experiments. More specifically, a dual-axis 
distortion gauge SG with respect to X and Y directions 
is defined substantially at the center of each shot of the 
substrate. The distortion gauge SG may be attached to 
the substrate surface, or it may be formed on the sub- 
strate through a thin film forming process. Alternatively, 
it may be attached to the substrate chuck. An original 
having substantially the same opening ratio as a printing 
original to be used for practical device manufacture, is 
used, and exposures of shots on the substrate are per- 
formed. During exposure of each shot, values of distor- 
tion gauges SG provided in relation to these shots of the 
substrate are measured and, on the basis of this, X<ii- 
rection distortion = X-directioa magnificat ion Mx, and. Y- 
direction distortion = Y-direction magnification My can 
be calculated. Also, in a case where : from the symmetry 
of pattern disposition on the substrate, the X-direction 
magnification Mx and the Y-direction magnification My 
can be regarded as substantially the same, an X-Y sin- 
gle axis distortion gauge may be provided at the center 
of each shot and, by measuring values of distortion 
gauges being measured during exposures, distortion = 
X-Y magnification, that is, Mxy, may be detected. 

[Second Embodiment] 

In some exposure apparatuses using visible light or 
ultraviolet light such as an i-line exposure apparatus or 
KrF excimer exposure apparatus wherein an original 
such as a mask has a high rigidity so that correcting the 
magnification by mechanically deforming the original is 
difficult to achieve, an optical element inside a projection 
optical system may be used for correction of transfer 



magnification. Before start of exposure of a shot, the 
magnification of the substrate is calculated from the re- 
sult having been obtained in accordance with global 
alignment method, and, by moving the optical element 

s in a direction outside the surface, the magnification is 
changed to meet the magnification of the substrate. 
Thereafter, exposure of the shot starts. Such optical el- 
ement may be one by which, with movement thereof in 
a direction outside the surface, only the transfer magni- 

10 fication can be changed without changing the aberra- 
tion. 

Such optical element of a projection optical system 
having the characteristic such as described above is 
used in this embodiment. Like the preceding embodi- 
es ment, deformation due to thermal expansion of a sub- 
strate such as a wafer during exposure of one shot is 
calculated on the basis of exposure experiments or sim- 
ulations. On the basis of the data thus obtained, the sub- 
strate stage for holding the substrate is moved in a di- 

20 rection along the surface to cancel the deformation of 
the substrate. Then, the optical element is moved in a 
direction outside the surface to change the transfer 
magnification. Correcting means having a correction ta- 
ble in which data for this is stored, is used to move, 

25 through a stage controller, the substrate stage in a di- 
rection along the surface during the exposure of the 
shot, by which translation of the shot center of the sub- 
strate due to thermal expansion by exposure is can- 
celed. Also, during exposure of the shot, the optical el- 

30 ement is moved in a direction outside the surface to 
change the magnification, by which enlargement of the 
substrate about the shot center is canceled. 

Figure 8 shows an example of specific structure. 
Denoted in the drawing at 39 is a light source, and de- 

35 noted at 40 is a mask. Denoted at 41 is a substrate, and 
denoted at 48 is a substrate stage. Projection optical 
system for projecting a pattern of the mask 40 to the 
substrate 41 includes an optical element 42 which is me- 
chanically joined to a cell 43 by fitting, for example, and 

40 the cell 43 is mounted on a guide 11 , such that move- 
ment of the optical element 42 and the cell 43 in a di- 
rection along the surface is confined while movement of 
them in a direction outside the surface is allowed. The 
cell 43 can be urged outwardly from the surface by 

45 means of a piezoelectric device 45, attached to the cell 
43, by which also the optical element 43 is urged out- 
wardly from the surface, such that the exposure magni- 
fication is changed. During exposure of one shot, the 
transfer magnification of the optical element 42 is 

50 changed in accordance with the correction table of the 
correcting means 1 3 having been prepared beforehand, 
and, in addition thereto, the substrate stage 48 is 
moved. With this operation, like the preceding embodi- 
ment, magnification changes in X and Y directions 

55 around the shot center of the substrate, caused by ther- 
mal expansion of the substrate during exposure of one 
shot, can be reduced substantially to zero. 

In accordance with the arrangement of the present 
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invention as described hereinbefore, translation of the 
center of a shot of a substrate as well as enlargement 
about thereof the shot center caused by thermal expan- 
sion during exposure of one shot can be corrected by 
relatively moving the original and the substrate and by 
actuating a transfer magnification correcting mecha- 
nism. Degradation of linewidth precision is thus re- 
duced. 

Also, even for an i-line exposure apparatus or KrF 
excimer exposure apparatus wherein, due to high rigid- 
ity of an original, magnification correction by mechani- 
cally deforming the original is difficult to accomplish, an 
optical element (magnification element) may be used to 
correct translation of the shot center of a substrate as 
well as enlargement thereof about the shot center. This 
effectively reduces degradation of linewidth precision. 

[Third Embodiment] 

Next, an embodiment of device manufacturing 
method which uses an exposure method such as de- 
scribed hereinbefore, will be explained. 

Figure 9 is a flow chart of procedure for manufacture 
of microdevices such as semiconductor chips (e.g. ICs 
or LSIs), liquid crystal panels, CCDs, thin film magnetic 
heads or micro-machines, for example. Step 1 is a de- 
sign process for designing a circuit of a semiconductor 
device. Step 2 is a process for making a mask on the 
basis of the circuit pattern design. Step 3 is a process 
for preparing a wafer by using a material such as silicon. 
Step 4 is a wafer process which is called a pre-process 
wherein, by using the so prepared mask and wafer, cir- 
cuits are practically formed on the wafer through lithog- 
raphy. Step 5 subsequent to this is an assembling step 
which is called a post-process wherein the wafer having 
been processed by step 4 is formed into semiconductor 
chips. This step includes assembling (dicing and bond- 
ing) process and packaging (chip sealing) process. Step 
6 is an inspection step wherein operation check, dura- 
bility check and so on for the semiconductor devices 
provided by step 5, are carried out. With these process- 
es, semiconductor devices are completed and they are 
shipped (step 7). 

Figure 1 0 is a flow chart showing details of the wafer 
process. Step 11 is an oxidation process for oxidizing 
the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 1 3 
is an electrode forming process for forming electrodes 
upon the wafer by vapor deposition. Step 14 is an ion 
implanting process for implanting ions to the wafer. Step 
15 is a resist process for applying a resist (photosensi- 
tive material) to the wafer. Step 16 is an exposure proc- 
ess for printing, by exposure, the circuit pattern of the 
mask on the wafer through the exposure apparatus de- 
scribed above. Step 17 is a developing process for de- 
veloping the exposed wafer. Step 1 8 is an etching proc- 
ess for removing portions other than the developed re- 
sist image. Step 19 is a resist separation process for 



separating the resist material remaining on the wafer af- 
ter being subjected to the etching process. By repeating 
these processes, circuit patterns are superposedly 
formed on the wafer. 

5 With these processes, high density microdevices 
can be manufactured with lower cost. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to 

10 cover such modifications or changes as may come with- 
in the purposes of the improvements or the scope of the 
following claims. 



is Claims 



1. An exposure method, comprising the steps of: 



20 



25 



30 



transferring, by exposure, a pattern formed on 
an original to different shot regions on a sub- 
strate sequentially; and 

performing, during exposure of a certain shot, 
at least one of (i) adjusting relative positional 
relation between the original and the substrate, 
with respect to a direction effective to correct 
translation of a transfer region of the substrate 
due to thermal distortion thereof, and (ii) adjust- 
ing a transfer magnification of the pattern of the 
original to the substrate so as to correct en- 
largement of the transfer region due to thermal 
distortion of the substrate. 



2. A method according to Claim 1, wherein said ad- 
justment is made in accordance with a correction 
35 table related to thermal expansion of the substrate 
during exposure and being prepared on the basis 
of one of calculation and preparatory exposure ex- 
periment. 

40 3. A method according to Claim 2, wherein the transfer 
magnification is adjusted by deforming the original. 

4. A method according to Claim 1, wherein the transfer 
magnification is adjusted by adjusting a projection 

45 optical system for projecting the pattern of the orig- 
inal to the substrate. 

5. A method according to Claim 1 , wherein the expo- 
sure uses exposure light which comprises one of X- 

50 rays, ultraviolet rays and visible light. 

6. A device manufacturing method, comprising the 
steps of: 



55 



preparing a substrate; 

applying a resist to the substrate prior to expo- 
sure thereof; 

transferring, by exposure, a pattern of an orig- 
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inal to the substrate in accordance with an ex- 
posure method as recited in Claim 1; and 
developing the resist of the substrate after the 
exposure. 

5 

7. An exposure apparatus for transferring a pattern 
formed on an original to different shot regions of a 
substrate sequentially, said apparatus comprising: 

a first holding mechanism for holding the origi- 10 
nal; 

a second holding mechanism for holding the 
substrate; 

a moving mechanism for relatively and minutely 
moving the original and the substrate held by is 
said first and second holding mechanisms, rel- 
ative to each other; 

a magnification adjusting mechanism for pro- 
viding variable transfer magnification in relation 
to transfer of the pattern of the original to the 20 
substrate; and 

control means for actuating said moving mech- 
anism and said magnification adjusting mech- 
anism during exposure of a shot. 

25 

8. An apparatus according to Claim 7, wherein said 
magnification adjusting mechanism includes a 
mechanism for applying a load to the original. 

9. An apparatus according to Claim 7, further compris- 30 
ing a projection optical system for projecting the pat- 
tern of the original, wherein said magnification ad- 
justing mechanism adjusts a projection magnifica- 
tion of said projection optical system. 

35 

1 0. An apparatus according to Claim 7, further compris- 
ing a light source for producing one of X-rays, ultra- 
violet rays and visible light. 



11. An exposure method for transferring a pattern from 40 
a first object to a region of a second object, com- 
prising the step of relatively moving the first and 
second objects during the exposure to compensate 

for movement ot the said region due to thermal ex- 
pansion of the second object. 45 

12. An exposure method for transferring a pattern of a 
first object onto a region of a second object, wherein 
transfer magnification of the pattern is adjusted dur- 
ing exposure to compensate for enlargement ot the so 
said region due to thermal expansion of the second 
object. 

1 3. A method according to claim 1 1 or claim 1 2, wherein 

a pattern of a first object is transferred to a plurality ss 
of regions of a second object sequentially by a plu- 
rality of exposure steps. 
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ance with a correction table related to thermal expan- 
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